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INTRODUCTION 

Northeastern Brazil (NEB) is known for being exposed to severe droughts, 

mainly in its semiarid portion where often these events generate massive 

losses of agricultural production [1]. The amount of available soil moisture in 

the root zone is a critical factor for crop growth [2]; therefore, the accurate 

knowledge of soil moisture is a key aspect to monitor the progress of 

agricultural droughts. Currently active and passive microwave sensors are 

the best technologies for retrieving soil moisture from space. The SMOS 

launched in early November 2009 by ESA, and the SMAP launched in 

January 2015 by NASA are among the satellites most widely used for soil 

moisture retrieval at global scale.  

In the NEB, despite the great potential of the sensors aboard both satellites, 

very few works have been published using soil moisture derived from the 

SMOS data [3,4], whereas the SMAP-derived soil moisture has not yet been 

validated against in-situ observations. Recently, Paredes and Barbosa [5] 

demonstrated that the SMOS-derived soil moisture is suitable to track the 

agricultural drought dynamics at low-elevation flatlands of the NEB. 

Accordingly, one could suppose that the SMAP data also could has potential 

to do so; but it must be taken into account that the retrieval algorithms for 

SMAP and SMOS are different [6]. In order to provide useful information on 

similarity between surface soil moisture estimates from SMAP and SMOS, 

an intercomparison of soil moisture derived from SMAP and SMOS was 

conducted at the NEB.   

STUDY AREA 

For this study, eight benchmark sites located within four main biomes of the 

NEB were selected (Figure 1, Table 1).  

MATERIALS AND METODS  

For each benchmark site, the SMOS Soil Moisture Level 3 Product [7] 

developed and disseminated by the SMOS Barcelona Expert Center 

(http://bec.icm.csic.es/) was used to estimate the surface soil moisture to a 

daily timescale for both ascending and descending passes. The BEC-L3 SM 

estimates were obtained implementing a simple extraction to pixel level (i.e., 

the SMOS grid center nearest to benchmark site was chosen). Next, the 

daily BEC-L3 SM data was weekly averaged using the arithmetic mean from 

19/Jan/2015 to 20/Feb/2017 (i.e., 111 weeks). Similarly, the SMAP L3 

Radiometer Global Daily 36 km EASE-Grid Soil Moisture v4 Product [8] 

developed and disseminated by the NASA National Snow and Ice Data 

Center Distributed Active Archive Center (http://nsidc.org/data/SPL3SMP) 

was also used. Furthermore, for the same benchmark sites, the weekly 

maximum NDVI from the Proba V S10 TOC product (http://www.vito-

eodata.be), and weekly accumulated rainfall from the CHIRPS v2 product 

(http://chg.geog.ucsb.edu/data/chirps/) were retrieved and used here. Soil 

physical characteristics were taken from the SoilGrids 1 km 

(https://www.soilgrids.org/) [9].  

Datasets were organized as weekly time series due to that this temporal 

scale is usually used for agricultural drought monitoring. Pairwise 

comparisons between SMOS/SMAP surface soil moisture were carried out 

over the analyzed time-span. The Spearman correlation coefficient (R), Root 

Mean Square for Error (RMSE), and (B) Bias were used as statistical 

metrics [10]. The optimum value of R, RMSE, and B is equal to one, zero, 

and zero respectively, which indicates a perfect agreement between the soil 

moisture retrieval from SMOS and SMAP. 

Fig. 1. Locations of benchmark sites and state 

division of the NEB (a); main biomes of the NEB 

[AMZ, Amazonia; CER, Cerrado; MAT, Atlantic 

Forest; and CAAT, Caatinga] and the Sertão 

region [polygon delimited by the red line] (b); and 

relative location of the NEB respect to South 

America (c).  

Table 1. Main characteristics of benchmark sites. 

Note: * meters above sea level; ** based on texture classes of the USDA system 

RESULTS 

The SMOS-SMAP soil moisture pairs for the benchmark sites covering the 

period of January 2015 to February 2017 are shown in Fig. 2. Besides 

Figure 3 summarizes the variation of the R correlation between 

SMAP/SMOS-derived SM estimates and NDVI and rainfall in the benchmark 

sites for the same temporal scale used in Fig. 2.  

Fig. 2. SMAP-derived SM 

compared against SMOS-

derived SM from January 2015 

to February 2017 in the 

benchmark sites: (a) S1; (b) S2; 

(c) S3; (d) S4; (e) S5; (f) S6; (g) 

S7; and (h) S8. Blue line 

indicates 1:1 correspondence 

and dashed red line gives the 

linear regression best fit. N 

depicts the amount of SMOS-

SMAP pairwise analyzed. 

Fig. 3. For the period January 

2015 to February 2017: (a) 

weekly NDVI average compared 

against NDVI/SMOS-derived SM 

Spearman r; (b) weekly rainfall 

average compared against 

NDVI/SMAP-derived SM 

Spearman r; (c) as panel (a), but 

for Rainfall/SMOS-derived SM 

Spearman r; (d) as panel (b), but 

for Rainfall/SMAP-derived SM 

Spearman r. Dashed red line 

depicts the linear regression 

best fit. . 

These findings suggest that the soil moisture derived of both products tend to be similar in 

semiarid regions of the NEB, but in other environments that are rainy and forested such as 

Amazonia and Atlantic Forest they are dissimilar. This could be attributed to the fact that retrieval 

algorithms for both SMAP and SMOS have important limitations in the areas of tropical forest 

[11]. On other hand, it is interesting to remark that those sites dominated by sand surfaces 

showed soil moisture estimates similar (Table 1 and Fig. 2). Based on the results, one can 

conclude that SMAP and SMOS prove to be sensitive to surface soil moisture and reproduce 

moderately well the soil water balance dynamic in semiarid areas of the NEB. Furthermore, 

SMOS/SMAP soil moisture correlate relatively well with NDVI and rainfall in that same region.  

DISCUSSION AND CONCLUSION  

The higher (lower) correlations between SMAP-derived SM and SMOS-

derived SM were found at sites S5 and S7 (S1 and S2), respectively. 

Overall, SMOS-derived SM tends to underestimate the variability of SMAP-

derived SM of almost all the benchmark sites, with exception at S5 and S7 

(Figs. 2 and 3).  
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